This paper presents experimental study of measuring dynamic contact force and meniscus force from the bouncing motion of hemispherical sliders on stationary magnetic disks. Two hemispherical sliders of 1.0mm and 2.0mm radii and test disks with 1, 2, 3 nm thick lubricants with/without UV treatment are used for the experiment. Typical data of displacement, velocity and acceleration of bouncing motion shows a clear adhesion force by formation of a meniscus bridge at the end of impact. It is found that the maximum contact force versus penetration depth can be estimated by Hertzian contact theory. The maximum dynamic adhesion force is close to the static meniscus force.
INTRODUCTION
Since a flying head slider tends to exhibit a severe bouncing vibration as the spacing decreases to several nanometers, the study of making clear the physics of the bouncing vibration and interfacial force between slider and magnetic disk is of great importance. Ono et al. [1] theoretically obtained the self-excited bouncing vibration similar to actual bouncing vibration in terms of unstable region and unstable frequency by using contact characteristics based on asperity contact with bulk deformation and meniscus force. On the other hand, S.C. Lee and Polycarpou [2] and Gupta and Bogy [3] obtained bi-stable phenomenon of flying height based on Van der Waals attractive force. Ono and Oohara [4] experimentally showed the existence of adhesion force due to meniscus bridge when a spherical slider bounces on disks with lubricant thickness of 1, 2, 3 nm. In this study we measured more accurate collision motion of a spherical slider and showed the displacement, velocity and acceleration simultaneously. From the acceleration curve, we determined the maximum reacting force as a function of penetration depth and the maximum dynamic adhesion force. We also examined how the static and dynamic adhesion forces are affected by slider radius and lubricant thickness with/without UV treatment.
EXPERIMENTAL SETUP AND METHOD
The same experimental setup as used in our previous study was used in this study. A new hemisphere slider with radii of 1 and 2 mm were used for the experiment. Mass and surface roughness of the test sliders are shown in Table 1 . Seven kinds of test disk with 0, 1, 2, 3 nm thick lubricants with and without UV treatment were prepared. The roughness of the disks tested is Ra=0.52nm in 10µm scale. Table 1 Test sliders The velocity of the slider impact motion after unit step load of suspension beam was measured by a digital laser Doppler vibrometer (LDV). The disk is fixed on the optical flat with a thin silicon grease film. Figure 1 shows a typical bouncing velocity of the 1 mm radius slider. The slider begins to collide with the disk at the minimum negative velocity and begins to separate from the disk at the maximum positive velocity. In Fig. 1 , we note a clear velocity drop due to an attractive force at the moment of separation.
Since it is difficult to accurately determine the beginning time of contact and the position of the disk surface, we used the curve fitting of the calculated slider velocity with the measured velocity in the approaching and penetration processes. Figure 2 shows an example of the fitted velocity and the experimental velocity. From this curve fitting we can determine the initial surface position of the disk as the origin of slider motion. Figure 3 shows the typical displacement, velocity and acceleration of the slider of 1mm radius. From the displacement, it is clear that the maximum penetration is 7.34nm. The maximum contact force and maximum adhesion force can be obtained by multiplying the maximum and minimum acceleration by the slider mass shown in Table 1 . The estimated maximum adhesion force is 0.31mN. The end of the adhesion force from the disk surface can be determined from the velocity curve most properly. In Fig.3 we note that the meniscus bridge breaks when the slider moves from the original disk surface by 5.12nm. Since the calculated protrusion of the disk and slider due to the adhesion force is estimated as 2.4nm, the length of the meniscus bridge is 2.7nm. We also note that the adhesion force begins to appear a little before the slider passes the zero position. Figure 4 shows the relationship between the maximum contact force and the maximum penetration depth of the slider of 1mm radius. The contact force calculated from Hertzian contact theory is shown by solid line. The slight decrease of the measured contact force in a large penetration depth will be caused by a decrease in the effective Young modulus in the inner layer of the disk. We note that the maximum contact force can well be estimated by Hertzian contact theory for the bulk radius of the slider. Figure 5 shows the measured maximum adhesion force of the slider of 1 mm radius. We note that the maximum adhesion force is approximately equal to the static pull-off force of 4πRγ. However, the adhesion force tends to decrease in the disk with UV treatment when the lubricant thickness is 1nm. Although without UV with UV Theoretical value depth and the maximum contact force ( R1slider, lubricant thickness = 2nm) not shown here, we found that the meniscus adhesion force tends to decrease when the radius of the slider is 2mm probably because the formation of meniscus bridge is not perfect. 
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DISPLACEMENT, VELOCITY AND ACCELERATION OF THE HEMISPHERICAL SLIDER
MAXIMUM ADHESION FORCE
SUMMARY
From the measurement of bouncing motion of hemispherical sliders on stationary magnetic disks, we found that the maximum contact force can be estimated by Hertzian contact theory and that the maximum dynamic adhesion force is almost equal to the static adhesion force of the sliders.
